Introduction
Patients receiving allogeneic hematopoietic stem cell transplantation (alloHSCT) are at high risk of developing invasive fungal infections (IFIs), 1 with reported rates following alloHSCT of ~6%-14% in US clinical practice. 2, 3 Morbidity and mortality due to IFIs are high, with a reported 90-day mortality of 57% following the first post-transplant submit your manuscript | www.dovepress.com
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Dovepress Morfín-Otero et al IFI 2 ; consequently, the economic burden of IFIs in this patient group is considerable. 4, 5 A recent evaluation of the costs of diagnosis and treatment of IFIs in the UK estimated a cost of ~£50,000 (in US dollars, ~$72,900) per case. 6 Approximately 60%-70% of IFIs in patients who have received alloHSCT are attributable to yeasts, invasive aspergillosis, or invasive candidiasis infection. 7 Invasive aspergillosis is the most common IFI in this setting, with estimates of the proportion of IFIs due to invasive aspergillosis typically in the range of 43%-59%. 2, 3, 8 The 1-year incidence of invasive aspergillosis following alloHSCT is ~10%-14%. [9] [10] [11] Mortality from invasive aspergillosis following alloHSCT can be as high as 18% after 12 weeks in patients receiving antifungal treatment for probable/proven aspergillosis, 12 and survival rates of ~30% at 6 months and 20% after 1 year have been reported. 11 There is a paucity of data on IFI incidence and triazole prophylaxis in alloHSCT recipients in Latin America. Two reviews of Latin American data 13, 14 suggest that the incidence of IFIs (and specifically candidiasis and aspergillosis infections) is higher across Latin America than in the USA or Europe. 3 In a single-center Chilean survey of IFIs in patients with hemato-oncological complications and alloHSCT recipients, the majority (63.4%) of cases were attributable to aspergillosis infection. 15 A prospective multi-center cohort study in 8 Brazilian centers suggested that the 1-year incidence of IFI after alloHSCT was 11.3%. 16 Several antifungal therapies are available for the prophylaxis of IFI in patients receiving alloHSCT, including the polyene amphotericin B (AmB), the generic oral triazoles fluconazole and itraconazole, and the newer generation oral triazoles posaconazole and voriconazole. In Mexico, the preferred prophylaxis options are fluconazole, AmB, and voriconazole. Fluconazole and AmB have demonstrated prophylactic efficacy in this clinical context and are available as generic formulations. Resistance to triazoles can be an issue, as observed in a recent trial in the Netherlands, 17 and in such cases, liposomal AmB is the preferred treatment option. However, AmB is associated with increased toxicity, and fluconazole does not protect against invasive aspergillosis. 18 A recent meta-analysis reported that mold-active prophylaxis significantly reduced IFI-related mortality in patients receiving chemotherapy or alloHSCT, 19 and early antifungal prophylaxis with broad-spectrum (ie, targeting both molds and yeasts) triazoles following alloHSCT reduces IFI-related morbidity and mortality in this high-risk patient population. 1, 20 Accordingly, mold-active, newer generation triazoles have been developed, and voriconazole has been demonstrated to have comparable prophylactic efficacy to itraconazole and fluconazole, 21, 22 and improved tolerability compared with itraconazole. 21 A mixed treatment comparison (MTC) assessing oral triazoles for prophylaxis of IFIs in patients receiving alloHSCT reported that voriconazole was associated with fewer IFIs than fluconazole during 180 days of follow-up. 23 As there are currently no economic evaluations of prophylaxis of IFI in patients receiving alloHSCT in Latin American countries, we used a cost-effectiveness model to estimate clinical and economic outcomes of prophylaxis therapies for IFIs in patients who had undergone alloHSCT, from the perspective of institutional payers in Mexico.
Methods
Model structure
A decision-analytic model with a hypothetical cohort of 1,000 patients was used to estimate costs and outcomes for patients receiving prophylaxis for IFIs following alloHSCT ( Figure 1 ). Microsoft Excel software was used to compute costs and outcomes.
The model was designed from the perspective of institutional payers in charge of social security services in Mexico based on a similar decision-tree model used in an economic assessment of IFI prophylaxis in alloHSCT recipients in Spain, and verified by local clinical experts. 24 A decisiontree model was chosen based on the short time horizon of 6 months, the low number of disease states, and the low likelihood of disease recurrence. 25 The Instituto Mexicano del Seguro Social (IMSS) is the largest health care insurance system in Mexico, and publishes publicly available details of resource use and costs, which were used as sources for this analysis.
Locally approved prophylaxis agents routinely used in Mexico (based on local expert clinical opinion) considered in this study were voriconazole, fluconazole, and conventional AmB. At the time of the analysis, itraconazole was not widely used in Mexican clinical practice and posaconazole was not approved as prophylaxis in this setting; these treatments were, therefore, not included in the model. Prophylaxis was assumed to begin on the day of transplant (Day 0) and all IFI events were assumed to occur in the short term, that is, within 180 days of alloHSCT; co-infection was assumed not to occur. The model accounted for event rates of IFIs during each prophylactic treatment, assuming that those IFIs would be due to invasive aspergillosis, invasive candidiasis, or other IFIs, and that the outcome for patients during follow-up was IFI-related death, death from other causes, or survival. 
Dovepress
513
Dovepress
Cost-effectiveness of invasive fungal infection prophylaxis after alloHSCT in Mexico
The model accounted for use of other licensed antifungal therapies (OLATs), either as alternative antifungal prophylaxis or empirical therapy of suspected IFI. It was assumed that the duration of OLATs was 18 days (based on local expert clinical opinion of the investigators [RM-O, MA-I, ER-N, and JR-S]) and that patients were treated only once during the 180-day post-alloHSCT period. The model did not specifically incorporate prophylaxis discontinuation rates but instead assigned mean duration of prophylaxis when calculating costs.
Clinical inputs
Key clinical inputs and sources were obtained by a targeted literature search and are summarized in Table 1 . 18, 23, [26] [27] [28] [29] [30] For the base-case analysis, event rates of IFI and OLAT were obtained from an MTC (for voriconazole and fluconazole) 23 and published literature (for AmB). 18 Inputs for duration of prophylaxis and mortality were taken from published literature. 18, 23, 28, 29 All inputs were reviewed by local clinical experts. The distribution of the type of OLAT was based on local expert clinical opinion: the distribution of therapies in patients receiving OLAT during voriconazole therapy was 20% liposomal AmB, 70% AmB, and 10% itraconazole; for patients requiring OLAT during fluconazole therapy, 10% liposomal AmB, 50% AmB, and 40% voriconazole; and for patients requiring OLAT during AmB therapy, 50% liposomal AmB and 50% voriconazole.
Cost inputs
Key cost inputs are also presented in Table 1 ; all costs are presented in Mexican pesos (MXN) and converted to US dollars ($) (using an exchange rate of 1 MXN = $0.0559152, March 3, 2016) . No discounting was used due to the relatively short time horizon. Costs for all therapies (including OLATs) were obtained from published literature and verified by local expert clinical opinion. Monitoring and management costs were taken from IMSS. 27 Drug costs were obtained from Instituto de Investigación e Innovación Farmacéutica. 26 Total costs of prophylaxis were derived by multiplying the duration of antifungal therapy by the unit cost per day; costs of OLATs were calculated based on an average patient weight of 75 kg. The cost of treating a breakthrough IFI was MXN 266,531 ($14,903) for invasive aspergillosis and MXN 455,729 ($25,482) for invasive candidiasis 27 ; costs for any other IFIs were assumed to be the same as for invasive aspergillosis. Frequency of monitoring was based on local expert clinical opinion; an enzyme immunoassay or sandwich enzyme-linked immunosorbent assay for galactomannan testing was assumed to be conducted twice weekly at a cost of MXN 490 ($27) per test, and a computed tomography scan 
Determination of cost-effectiveness
Cost-effectiveness was assessed using incremental costeffectiveness ratios (ICERs; ie, the ratio of the difference in costs to the difference in clinical outcomes for one treatment compared with another). The resulting ICER was a numerical value if a treatment provided additional improved clinical outcomes at an increased cost compared with another treatment. However, if a treatment was expected to provide fewer health benefits at an increased cost, the ICER was not calculated, and the drug was considered "dominated" by the comparator treatment.
sensitivity analyses
A one-way sensitivity analysis was performed, assessing the impact on results when each model parameter was independently varied. A probabilistic sensitivity analysis involving 1,000 model replications was used to measure the overall uncertainty associated with model results (as a function of uncertainty about each parameter at the same time); this evaluated the impact of this uncertainty on the estimated cost-effectiveness of the comparator agents involved.
Results
Costs and outcomes based on the hypothetical cohort of 1,000 patients are summarized in Table 2 
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Cost-effectiveness of invasive fungal infection prophylaxis after alloHSCT in Mexico treat to avoid an additional IFI, relative to AmB (the treatment with the highest number of IFIs), was 18 for voriconazole and 120 for fluconazole. The number of additional patients needed to treat to avoid a death, relative to fluconazole (the treatment with the highest all-cause mortality), was 37 for voriconazole and 642 for AmB. Life-years gained and quality-adjusted life-years (QALYs) gained were highest for voriconazole, followed by fluconazole and then AmB. In terms of ICER calculations, voriconazole "dominated" AmB (ie, the former had better clinical outcomes with a lower cost of 055) ; a deterministic cost-effectiveness plane for incremental cost per IFI avoided is provided in Figure  S1 . In the one-way sensitivity analysis, the incremental costeffectiveness per IFI avoided for voriconazole compared with AmB was most sensitive to variation in drug and monitoring costs, and to the duration of prophylaxis (Figure 2) . Cost-effectiveness acceptability curves for an additional life-year gained with prophylaxis ( Figure 3) suggest that voriconazole has a higher probability of being cost-effective than AmB or fluconazole.
Discussion
In this study, we performed a cost-effectiveness analysis of prophylaxis therapies for the prevention of IFIs in patients who have recently undergone alloHSCT in Mexico. Voriconazole had the best clinical outcome profile of the assessed prophylactic treatments (ie, was associated with the fewest IFIs and IFI-related deaths); treatment costs with voriconazole were higher, but were offset to some degree by reduced IFI treatment costs. Fluconazole and AmB, available in generic form, were associated with lower overall treatment costs per patient than voriconazole; however, the number of IFIs was higher with these treatments than with voriconazole.
Voriconazole was cost-effective relative to fluconazole when considering a local willingness-to-pay threshold of ~1 gross domestic product per capita per life year gained (around MXN 184,665 [$10,326]). 31 Although upfront treatment costs were higher with voriconazole than fluconazole, breakthrough events and consequently ongoing resource use was lower. Adherence to antifungal prophylaxis is also crucial, as tolerability-related discontinuation is associated with increased resource use and costs; voriconazole has been shown to have better medication persistence than itraconazole, with fewer discontinuations, less switching to OLATs, and less resource costs. 32 Extensive sensitivity analyses ( Figure S2 ) reinforced the main findings of this study.
This study assessed only those treatments currently approved and routinely used for prophylaxis of IFIs in Mexican clinical practice. As itraconazole and posaconazole were not available through IMSS at the time of the analysis, neither were included in the model; however, itraconazole has recently been added to the list of IMSS-approved therapies. It may be prudent to update this cost-effectiveness analysis in the future when equivalent data for itraconazole are available. Additionally, with the advent of alternative therapies, fluconazole is currently used less than in previous years as therapy 
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Dovepress Cost-effectiveness of invasive fungal infection prophylaxis after alloHSCT in Mexico during general febrile neutropenia, but remains an important agent for prophylaxis of IFI following alloHSCT. The model was developed using data from the IMSS, the largest social security provider in Mexico, which covers over 50% of the working population. The Mexican health care system is a multi-payer system, and the IMSS is supplemented by other institutions, such as the Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado (which covers ~9% of the population who are government employees), and other industry-specific decentralized institutional providers. Access to health care for those falling outside of institutional social security is provided by the Seguro Popular, a financial scheme supporting access for people with low incomes. These results represent the perspective of the single largest social security payer and, therefore, best represent routine clinical practice at public institutions in Mexico.
The present findings were in broad agreement with costeffectiveness analyses conducted in other countries. A study of prophylactic triazole use in Spain predicted that voriconazole would be associated with higher costs than itraconazole; however, the analysis suggested that this would be partially offset by fewer IFIs and improved mortality. 24 Another economic evaluation of antifungal prophylaxis in the Netherlands suggested that using voriconazole as primary prophylaxis, followed by caspofungin, was more likely to provide cost-effectiveness than using liposomal AmB as primary prophylaxis. 33 Cost-effectiveness analyses, such as the presented study, have become a useful tool for evaluating costs and outcomes for clinical practice. The study presented multiple strengths, including model input on local resource use and costs, and was validated by local experts. However, there were several inherent limitations in our study. First, the model used data from an MTC analysis, as no studies were identified that directly compared all treatments. AmB was not included in this MTC, so results from a clinical trial 18 were used to estimate the relative risks of IFI and OLATs with AmB compared with fluconazole. These relative risks were then applied to the base-rate for fluconazole from the MTC to generate adjusted rates for AmB. Second, we considered only prophylaxis, rather than empirical treatment of suspected neutropenia or diagnosis-based treatment. Additionally, we considered a hypothetical cohort of homogeneous patients, and as such did not account for individual risk factors or contraindications. This study considered only additional resource use arising from IFIs, and did not consider concomitant therapies given to alloHSCT recipients, such as antivirals or antimicrobials, which may vary by treatment center. Also, our analysis did not include posaconazole, as at the time of the analysis, this was not licensed locally by the Mexican National Health Council for treatment of IFIs in patients who have received alloHSCT, and was not listed by the IMSS. Finally, this analysis was conducted in 2016, when AmB deoxycholate was on the market and a relevant comparator for the model. There are other representations of amphotericin on the market that do not contain deoxycholate, such as liposomal amphotericin (Ambisome), which is ~10 times more expensive than AmB. Not including liposomal amphotericin as a comparator can be considered a limitation, but considering the substantial price difference, the current results reflect a conservative scenario, as we would expect voriconazole to have even better cost-effectiveness if compared against higher priced liposomal amphotericin.
Conclusion
In conclusion, results of the model suggested that voriconazole as prophylaxis for the prevention of IFIs in alloHSCT recipients was associated with more favorable clinical outcomes than AmB or fluconazole. Overall prophylaxis costs with voriconazole were lower than with AmB but higher than with fluconazole; these were partially offset by reduced IFI treatment costs. Overall, voriconazole can be considered a cost-effective option for prophylaxis of IFI in Mexico.
Data sharing statement
The datasets analyzed during the current study are available from the corresponding author (claudie.charbonneau@pfizer. com) on reasonable request. 
8,000
Voriconazole compared with AmB Voriconazole compared with fluconazole 6,000 3,000 ClinicoEconomics and Outcomes Research is an international, peerreviewed open-access journal focusing on health technology assessment, pharmacoeconomics and outcomes research in the areas of diagnosis, medical devices, and clinical, surgical and pharmacological intervention. The economic impact of health policy and health systems organization also constitute important areas of coverage. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
Dovepress
